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Description 

Power module having at least two substrates and method 
for producing it 

5 

The invention relates to a power module having at least 
two substrates and a method for producing it. 

In order to create intelligent power modules, logic 
10 circuits and passive components are increasingly being 
integrated besides power components in a hybrid design 
in a power module. With an increasing number of signal 
semiconductor chips on the substrate area, the demand 
for expensive substrate ceramic continually increases, 
15 so that the costs for intelligent power modules 
continually rise. These costs also cannot be reduced by 
stacking a plurality of substrates one above the other, 
especially as the supporting and connecting technology 
in the case of stacked structures likewise drives up 
20 the costs. 

It is an object of the invention to specify a power 
module which has both power semiconductor chips and 
signal semiconductor chips, is simple and inexpensive 
25 to produce and does not enlarge the area needed for a 
substrate with semiconductor chips despite additional 
signal semiconductor chips. 

This object is achieved by means of the subject matter 
30 of the independent claims. Advantageous developments of 
the invention emerge from the dependent claims . 

The invention provides a power module having a first 
substrate populated with power semiconductor chips, and 
35 a second substrate populated with signal semiconductor 
chips. In this case, the substrates in the power module 
are oriented parallel one above the other and their 
placement sides are arranged facing one another. The 
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two placement sides are electrically connected to one 
another via bonding wires bent in hingelike fashion, 
the bonding wires simultaneously defining the distance 
between the first and second substrates and 
5 mechanically fixing the second substrate above the 
first substrate in a plastic housing. 

Such a power module has the advantage that a 
correspondingly thermally stable and thermally 
conductive substrate can be provided for the power 
semiconductor chips, while a much less expensive 
substrate that does not experience high thermal loading 
can be used for the signal semiconductor chips. 
Furthermore, the bonding wires bent in hingelike 
fashion obviate a complex supporting mechanism in order 
to define the distance between the two substrates; 
rather, the second substrate can be held at a defined 
distance from the first substrate with the aid of the 
bonding wires bent in hingelike fashion, the two 
placement sides being situated opposite one another. 
The bonding wires bent in hingelike fashion 
additionally form a mechanical fixing of the position 
of the second substrate above the first substrate and 
the two substrates including their semiconductor chips 
can be embedded in a plastics composition in this state 
defined by means of bonding wires bent in hingelike 
fashion . 

The substrate populated with power semiconductor chips 
30 may have a ceramic board which, on the one hand, 
enables good heat dissipation and, on the other hand, 
has high temperature or thermal stability. This ensures 
that the power semiconductor chips can dissipate their 
entire heat loss via the ceramic board. In order to 
35 improve the dissipation of heat, the ceramic board may 
be mounted on a heat sink comprising a copper board. In 
order to realize as many functions as possible with 
such a ceramic board, the substrate populated with 
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power semiconductor chips may have a multilayer ceramic 
board. In such a multilayer ceramic board, insulating 
layers alternate with metallic structures, the metallic 
structures of the individual metal layers being 
5 interconnected via contacts through the insulation 
layers . 

A second substrate is provided for the signal 
semiconductor chips that generate little power loss, 
said second substrate having a printed circuit board 
made of glass-fiber-reinforced plastic. This glass^ 
fiber-reinforced plastic may be coordinated with the 
expansion behavior of the semiconductor chip. In 
particular by virtue of the orientation of the glass 
fibers in the x and y directions, the substrate 
populated with signal semiconductor chips may have a 
coefficient of thermal expansion which approximately 
corresponds to the coefficient of thermal expansion of 
a semiconductor chip such as silicon. In the z 
direction, however, the coefficient of thermal 
expansion of the second substrate for the signal 
semiconductor chips may have a value that is customary 
for plastic, since in the z direction, no thermal 
expansion restrictions have to be imposed on the 
substrate for the signal semiconductor chips. 

In the event of the second substrate being densely 
populated with signal semiconductor chips, it may be 
advantageous for a multilayer printed circuit board 
30 made of glass-fiber-reinforced plastic to be used as 
the second substrate. Such a second substrate made of a 
glass-fiber-reinforced printed circuit board may 
contain logic semiconductor components, signal 
semiconductor chips, integrated control circuits, 
35 integrated driver circuits or else temperature sensors 
and extend the possibilities for using the power 
module. 
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The second substrate populated with signal 
semiconductor chips may furthermore have passive 
components, such as resistors / capacitors or 
inductances / which can be realized both using thin-film 
5 technology and using thick- film technology on the 
printed circuit board of the second substrate. 

In contrast to the second substrate comprising a 
printed circuit board with signal semiconductor chips 

10 that develop only little heat loss, there are arranged 
on the first substrate power semiconductor chips, such 
as insulated gate bipolar power transistors, which have 
a high power loss and emit this power loss to the 
surroundings via a ceramic board as substrate having 

15 correspondingly good thermal conductivity. Instead of 
bipolar power transistors, the first substrate may also 
have power semiconductor chips as metal oxide power 
field effect transistors. These transistors, 
abbreviated to MOS power transistors, likewise develop 

20 a high heat loss, so that a ceramic board as first 
substrate appears to be suitable for these power 
semiconductor chips . A further advantage of ceramic 
boards for such power semiconductor chips is that 
ceramic boards , with their coefficient of thermal 

25 expansion, can be adapted relatively precisely to the 
coefficient of thermal expansion of the semiconductor 
material. Consequently, despite considerable heat loss 
being developed, considerable thermal stresses do not 
arise between the power semiconductor chips and the 

30 first substrate. 

In order to create intelligent power modules, the 
signal semiconductor chips on the second semiconductor 
board are intended to interact electrically with the 
35 power semiconductor chips on the first substrate. This 
is achieved by means of conductor tracks on the second 
substrate with signal semiconductor chips and the 
bonding wires bent in hingelike fashion, which are 
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connected to corresponding conductor tracks on the 
first substrate. 

The bonding wires bent in hingelike fashion may 
5 comprise aluminum and/or an aluminum alloy and have a 
minimum thickness of 100 micrometers in order to keep 
the mechanical strength or the defined distance between 
the first substrate and the second substrate . On 
account of the processability of aluminum bonding 
10 wires, the upper limit for the diameter of the aluminum 
bonding wires is approximately 300 micrometers. 

A method for producing a power module having a first 
substrate populated with power semiconductor chips, and 
15 having a second substrate populated with signal 
semiconductor chips, has the following method steps: 

Firstly, provision is made of a first substrate 
populated with power semiconductor chips, and of a 
second substrate populated with signal semiconductor 
chips. These two substrates are oriented with respect 
to one another such that their placement sides are 
arranged adjacent next to one another and edge regions 
of the placement sides of the two substrates that have 
bonding areas lie next to one another . For this 
purpose, the bonding areas on the edge regions are 
arranged in a row next to one another. After 
orientation, the substrates are connected at the edge 
region having bonding areas to bonding wires arranged 
next to one another in hingelike fashion. 

After the production of all the bonding connections in 
the edge regions of the first and second substrates, 
the second substrate is folded over through 180^ with 
35 bending of the bonding wires arranged in hingelike 
fashion, so that the substrates are oriented parallel 
one above the other and their placement sides are 
arranged facing one another. Finally, the substrates 
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arranged in this way are packaged to form power modules 
in a plastic housing. 

This method has the advantage that producing the 
5 bonding connections between two bonding area rows 
arranged in rows in the edge regions of the two 
substrates has afforded a simple solution which on the 
one hand can be realized inexpensively, and on the 
other hand does not take up expensive substrate area 

10 for power semiconductors and finally is fully 
automatable. Folding over the second substrate above 
the first substrate by bending the bonding connections 
arranged in hingelike fashion between the two 
substrates can also be carried out in an automated 

15 manner with the assistance of a vacuum tool. Finally, 
the substrates with the power semiconductor chips and 
the signal semiconductor chips can be packaged in a 
plastic housing. 

20 In order to provide a first substrate with power 
semiconductor chips, firstly a ceramic board is coated 
with a conductor track structure. A row of bonding 
areas arranged next to one another with a predetermined 
grid dimension is provided in an edge region of said 

25 conductor track structure. Afterward, the power 
semiconductor chips are arranged on the first substrate 
and connected among one another and also to the 
conductor track structure via bonding wires with the 
bonding area row being left free. Finally, on the 

30 ceramic board, inner flat conductor ends may be 
arranged at conductor tracks of the conductor track 
structure that are provided for them, said flat 
conductor ends belonging to external flat conductors 
which, on the one hand, can be connected to supply 

35 voltages and, on the other hand, are provided for the 
application and tapping off of signals - 

In order to provide a second substrate with signal 
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semiconductor chips, a printed circuit board is 
provided with a conductor track structure having, in an 
edge region, a row of bonding areas arranged next to 
one another, the number and grid dimension of which 
5 correspond to the bonding area row of the first 
substrate. The signal semiconductor chips may then be 
arranged on the conductor track structure and be 
connected via bonding wires with the bonding area row 
being left free. Since the substrate for the signal 

10 semiconductor chips is a printed circuit board, as many 
signal semiconductor chips as desired can be 
accommodated relatively inexpensively on the printed 
circuit board. Said signal semiconductor chips may have 
logic circuits, sensor circuits, passive components, 

15 driver circuits and other control circuits. 

Temperature sensors are preferably used as sensor 
circuits in order for example to thermally monitor the 
power module. Before the two substrates are connected 

20 via bonding wires arranged correspondingly in hingelike 
fashion, the two substrates are oriented with respect 
to one another in such a way that the bonding area rows 
of the substrates are arranged next to one another. 
Consequently, a simple and inexpensive bonding 

25 connection technique enables an electrical and 
mechanical connection of the two substrates oriented 
with respect to one another on the bonding areas 
adapted to one another. 

30 The connection may be effected by means of 
thermocompression sonic bonding of aluminiim and/ or 
aluminum alloy bonding wires, said bonding wires having 
a diameter of at least 100 micrometers in order to 
ensure the mechanical stability. On account of the 

35 customary bonding tools, this diameter is upwardly 
limited and should not exceed 300 micrometers. 

By means of a vacuum tool, the second substrate can 
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then be folded over automatically through 180° with 
bending of the bonding wires arranged in hingelike 
fashion, so that the substrates are oriented parallel 
one above the other and their placement sides are 
5 arranged facing one another. This simultaneously 
creates a very compact arrangement comprising two 
substrates populated with semiconductor chips for a 
power module . This compact arrangement of the two 
substrates may subsequently be implemented in a plastic 
10 housing by means of injection molding technology with 
the substrates arranged one above the other being 
embedded in a plastic housing composition. 

A further possibility for packaging the power module 
consists in arranging the two substrates folded on top 
of one another in a prefabricated plastic housing and 
then filling the cavities between the substrates and 
the prefabricated plastic housing with silicone 
composition. Before a plastic housing is arranged over 
the two substrates, the first substrate, on which the 
power semiconductor chips are arranged, may be mounted 
on a metal board that preferably comprises copper or a 
copper alloy. Said metal board forms, on the one hand, 
an outer wall for the plastic housing and, on the other 
hand, an effective heat sink for the heat loss. 

After the power module has been packaged in a plastic 
housing, external flat conductors project from the 
plastic housing, which are electrically connected to 
30 the power semiconductor chips, on the one hand, and via 
the bonding wires bent in hinge-type fashion to the 
signal semiconductor chips, on the other hand. The 
cross sections of said external flat conductors may be 
adapted to the power consiamption for the power 
35 semiconductor chips and have a larger cross section 
than external flat conductors provided for the power 
semiconductor chips . 
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The invention will now be explained in more detail on 
the basis of embodiments with reference to the 
accompanying figures . 

5 figure 1 shows a diagrammatic, partly broken-open, 
perspective view of a first embodiment of the 
invention. 



figures 2 to 6 show schematic diagreuns of results and 
10 intermediate products of a method for 

producing a power module in accordance with 
further embodiments of the invention. 



figure 2 shows a ceramic substrate with power 
15 semiconductor chips and a series of external 

flat conductors for power transmission and a 
further series of external flat conductors 
for signal transmission. 



20 figure 3 



25 



shows a schematic diagram with a first 
substrate, on which power semiconductor chips 
are arranged, and a second substrate having 
signal semiconductor chips, the substrates 
being connected to one another via hingelike 
bonding wires. 



30 



figure 4 shows a diagrammatic cross section through a 
power module before and after the folding 
over of the second substrate, 

figure 5 shows a perspective schematic diagram of a 
power module with the second substrate folded 
over. 



35 figure 6 



shows a perspective schematic diagram of a 
power module of a further embodiment of the 
invention. 
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Figure 1 shows a diagrammatic, partly broken-open, 
perspective view of a power module 3 of a first 
embodiment of the invention. The reference symbol 1 
identifies a ceramic board which, as substrate 1, has 
5 power semiconductor chips (not shown) . The reference 
symbol 2 identifies a second substrate, which has a 
printed circuit board 11 made of glass-fiber-reinforced 
plastic and is folded above the first substrate 1 by 
means of bonding wires 9 bent in hingelike fashion. The 
10 reference symbol 7 identifies the placement side of the 
first substrate and the reference symbol 8 identifies 
the placement side of the second substrate. 

The two placement sides 7 and 8 face one another since 
the two substrates are arranged in a manner folded one 
above the other in the plastic housing 18. In this 
embodiment of the invention, four external flat 
conductors 27 are arranged for the power supply of the 
power semiconductor chips on the first substrate 1 with 
their inner flat conductor ends and project vertically 
from the plastic housing 18. Five external flat 
conductors 28 for signal transmissions project 
horizontally from the plastic housing and are fixed 
with their inner flat conductor ends on the ceramic 
substrate and are electrically connected via the 
bonding wires 9 to the signal semiconductors on the 
second substrate 2 . 

The bonding wires 9 bent in hingelike fashion are 
30 arranged in a predetermined grid dimension on a bonding 
area row 19 in the edge region 17 of the ceramic board 
10 of the first substrate 1. The ceramic board 10 is 
mounted on a metal board 25, which, in this embodiment 
of the invention, serves as a heat sink and forms an 
35 outer wall 26 of the plastic housing 18. The plastic 
housing 18 comprises a prefabricated plastic housing 
part 22 placed onto the metal board 25, and the cavity 
23 between the preformed plastic housing 22 and the 
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substrates 1 and 2 is potted with a silicone 
composition after the placement onto the metal board. 

This construction makes it possible to realize 
5 inexpensively and compactly a power module which has 
its sensors / logic circuits, control circuits and/or 
driver circuits arranged on the second substrate 2 and 
has the power semiconductor chips in the form of MOS 
power transistors or insulated gate bipolar power 
10 transistors or power diodes on the intensively cooled 
first substrate 1 . 

Figures 2 to 6 show schematic diagrams of results and 
intearmediate products of a method for producing a power 
15 module in accordance with a further embodiment of the 
invention. Components of figures 2 to 6 having 
functions identical to those in figure 1 are identified 
by identical reference symbols and are not discussed 
separately. 

20 

Figure 2 shows a ceramic substrate 1 with power 
semiconductor chips 4 and a series of external flat 
conductors 27 for power transmission and a further 
series with external contacts 28 for signal 

25 transmissions. In this case, the external flat 
conductors 28 for signal transmissions have a smaller 
cross section than the external flat conductors 27 for 
power transmission. Arranged on the ceramic board 10 
are power diodes 29 and power transistors 30, which are 

30 connected via bonding connections 13 among one another 
and to a conductor track structure (not shown) . 

A row 19 arranged in the edge region 17 of the ceramic 
substrate 10 has bonding areas 16 that are kept free of 
35 bonding connections 13. However, said bonding areas 16 
are electrically connected to the conductor track 
structure (not shown) . Moreover, said bonding areas are 
in part electrically connected to the external flat 
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conductors 28 for signal transmissions via the 
conductor track structure on the ceramic substrate 10. 

Figure 3 shows a schematic diagram with a first 
5 substrate 1, on which power semiconductor chips 4 are 
arranged, and with a second substrate 2 having signal 
semiconductor chips, the substrates 1 and 2 being 
mechanically and electrically connected to one another 
via hingelike bonding wires 9. The second substrate 2 

10 made of a glass-fiber-reinforced printed circuit board 
11 may have logic chips 12, control or driver chips 31 
and/or temperature sensor chips 32 in order to create 
an intelligent power module. Said second substrate 2 
has a conductor track structure that is not shown in 

15 detail and is electrically connected to the signal 
semiconductor chips 5 via bonding wires 33. In this 
case, a row 20 of bonding areas 16 is kept free of 
internal bonding wires 13 of the substrate 2. 

20 The bonding area row 20 in the edge region 17 of the 
substrate 2 is oriented in such a way that it is 
arranged paral le 1 to the bonding area row 19 of the 
substrate 1. By means of an inexpensive bonding method, 
hingelike bonding wires 9 made of aluminum having a 

25 minimum diameter of 100 micrometers can thus connect 
the bonding areas 16 of the bonding row 20 to the 
bonding areas 16 of the bonding row 19, so that the 
ceramic substrate 10 is connected to the printed 
circuit board 11 in hingelike fashion. The bonding 

30 wires 9 not only form a mechanical hinge but at the 
same time serve for electrical connection between the 
conductor track structure of the ceramic substrate 10 
and the conductor track structure of the printed 
circuit board 11. 

35 

Figure 4 shows a perspective schematic diagram of a 
power module 3 with a second substrate 2 folded over. 
The process of folding over the second substrate 2 
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above the first substrate 1 is illustrated in four 
positions, the arrows a, b and c illustrating the 
folding-over movement for the second substrate 2 . 
During this folding-over process, the bonding wires 9 
5 flex in hingelike fashion and, on account of their 
stiffness after flexure, they define the distance d 
between the first substrate 1 and the second substrate 
2. Before the folding-over process, the bonding areas 
16 in the edge regions 17 of the two substrates 1 and 2 
10 are arranged in such a way that the bonding wire 9 can 
be securely fixed on the bonding areas 16 by means of a 
bonding tool. 

The folding-over process can be carried out 
automatically with the aid of a vacuum tool. The 
external flat conductors 28 for signal transmission are 
electrically connected to the signal semiconductor 
chips 6 of the second substrate 2 via the conductor 
track structure 34, the bonding areas 16 and the 
bonding wires 9 bent in hingelike fashion. The external 
flat conductors 27, which are likewise fixed on the 
ceramic substrate 10 by their inner flat conductor ends 
14, are electrically connected to the power 
semiconductor chips 4 via the conductor track structure 
34 and the bonding connections 13. The broken line 35 
in figure 4 illustrates the contours of a plastic 
housing composition 21 that can be applied after the 
second substrate 2 has been folded over. 

30 Figure 5 shows a perspective schematic diagram of a 
power module 3 with a second substrate 2 folded over. 
The plastic housing composition has been omitted in the 
form of illustration of figure 5 in order to 
demonstrate the relatively flat arrangement of the two 

35 substrates 1 and 2 one above the other. Consequently, 
the method according to the invention can be used to 
produce a compact power module which manages without 
complicated supporting structures and connecting 
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structures between the two substrates 1 and 2 and 
nevertheless forms a power module 3 equipped with 
intelligent control and logic technology. 

5 Figure 6 shows a perspective schematic diagram of a 
power module 3 of a further embodiment of the 
invention, the broken lines 35 showing the contours of 
the plastic housing 18 . This embodiment of the 
invention according to figure 6 differs from the 
10 embodiment according to figure 1 by virtue of the fact 
that both the external flat conductors 27 for power 
transmission and the external flat conductors 28 for 
signal transmission project horizontally from the 
plastic housing 18. 

15 



